Abstract: The present study was conducted to identify the microbial flora of pest weevils Sciaphobus squalidus (Gyll.), Tatianaerhynchites aequatus (L.) and Byctiscus betulae L., which may provide novel approaches for insect biocontrol. According to morphological, physiological, biochemical and molecular properties thirteen bacteria were revealed and characterized. Ten of these bacteria were identified at the species level and the rest at the genus level. Isolates were identified as Staphyloccocus haemolyticus (Ta5), Bacillus cereus (Ss1), Pseudomonas moraviensis (Ss4), Pseudomonas fluorescens (Ss2), Pantoea agglomerans (Ss3, Bb3), Klebsiella pneumoniae (Ta1, Ta3, and Ta4), Erwinia billingiae (Ta2) and Erwinia spp. (Bb1, Bb2, Bb4). This is the first record of bacterial isolates (Ss4, Ta2 and Ta5) from any insect. The pathogenicity of bacteria was tested against adults of S. squalidus, T. aequatus and B. betulae and three of them showed insecticidal activity. The highest activity, 93% had B. cereus on S. squalidus and 90% on B. betulae within five days. The maximum activities of other two isolates Ss2 and Ss4 were determined as 73% and 46% against S. squalidus. Our data can offer useful information for future investigations on bacterial agent development and implementation as insecticides in agricultural system.
Introduction
Fruit cultivation is an intense agricultural production system which becomes more sophisticated with each passing year. Several varieties of fruit trees, including apple, pear, cherry and plum, are grown in temperate climates. Culture fruit trees and shrubs are of major importance in economic terms in America, Asia and most European countries. Fruits are one of the most appreciated foods and essential in making a proper diet. Thus, pomiculture is and will remain a priority branch of agriculture of the Republic of Moldova with considerable weight in the country economy and export. This is due to favorable climatic conditions, high economic efficiency and fertile soils exploited more effectively by growing fruit tree species. Country's total orchard area according to FAO is 65,000 ha, with a total production of 172,000 tons of fruit (Cimpoies 2002) . The production of fruit and berries is a complex process dependent on a wide variety of factors and often, yield losses is a problem of plant protection. Damage caused by pest insects is one of the most significant factor affecting fruit yield and its quality. Consequently, high quality production of fruit and berries is impossible without effective pest control.
Insects classified under the superfamily Curculionoidea (Coleoptera) in particular cause much damage. Curculionoidea is a successful group of beetles with more than 60,000 species worldwide. Their members feed on various parts of fruit trees, such as roots, buds, fruits, leaves and seeds, and thus they cause reduction in both quality and yield. Weevils are considered abundant and damaging pests in many countries all over the world (Blommers et al. 2002; Kutinkova & Andreev 2004; Talmaciu 2010) and Republic of Moldova inclusive (Timus 2004) . Species Sciaphobus squalidus (Gyllenhal, 1834) (Coleoptera: Curculionidae), Tatianaerhynchites aequatus (L., 1767) and Byctiscus betulae (L., 1758) (Coleoptera: Rhynchitidae) are specified as the most hazardous pest weevil of fruit trees in the Republic of Moldova and adjacent countries (Savkovskii 1976; Zayanchkauskas 1984; Perju 1995; Munteanu 2006) .
Adults of S. squalidus damage developing buds chewing large and irregular holes, later extensively feed on the leaves and inner parts of buds. Imagoes are particularly dangerous in the early spring when they are abundant, and plants may be heavily defoliated. The adults of T. aequatus from mid spring feed on the young buds and later on the still green fruits. From early to mid-summer the eggs are laid in seeds of the young fruits and the fruits stalk is gnawed, so the fruit dries up and falls off. The species B. betulae is interesting because of unusual damages on the leaves. The females roll up the leaves in cylindrical form tubes and lay eggs into them. In the period of supplementary feeding and sexual maturation overwintered beetles also feed on buds and young leaves of the host plant, these damages being evident.
Control of leaf-feeding insects is important because the activity of these pests reduce the capacity of the plant to harvest light, also the loss of leaves may decrease flower bud formation and further development of the fruit.
Environmental protection regulations and the disadvantages of using chemicals have prompted the development of environmentally friendly pest control methods. Consumers of fresh fruits are troubled about the contamination of the fruits with pesticides. The microbiological control of agricultural insect pests has been often considered as a favorable alternative to the use of chemical insecticides. Understanding microbial communities of insects may be the first step to significantly increase the achievement rate of insect biological control programs. It is always desirable to investigate a safer and effective pathogen against target pest. Especially promising are pathogens associated with the target pest which survive in the designated area. Concerning members of the Curculionoidea, they are in general difficult to control due to their cryptic way of life, their tough and heavily sclerotized cuticle and the long life span of the adults.
The present study was focused on the characterization of bacteria isolated from fruit pest weevils S. squalidus, T. aequatus and B. betulae to find new microorganisms and to identify suitable bacterial isolates that could be candidates for new approaches in biological control. The isolated bacteria were identified using morphological, biochemical, physiological, and molecular techniques. Also, the insecticidal activity of isolates was tested against adult insects under controlled laboratory conditions. This is the first study to determine the bacterial flora of S. squalidus, T. aequatus and B. betulae and their pathogenicity towards the pests.
Material and methods

Insects
Actively feeding adults of S. squalidus, T. aequatus and larvae of B. betulae were obtained from naturally infested apple, plum and cherry trees. Weevils were collected from nine orchards in central and south-eastern part of the Republic of Moldova from May to September 2007 and April to July 2008, using a combination of sweep netting behind fruit, sweep netting fruit bucket traps procedure and manually from leaves and flowers. Specimens were individually put into sterilized tubes to prevent possible contaminations and were transported to the laboratory in boxes and were not fed before testing. Details of the collection sites are presented in Table 1 .
Bacteria isolation
Before bacterial isolation, adults and larvae were surface sterilized with 70% alcohol to remove possible contamination and then washed in sterile distilled water. The insect bodies were homogenized in 0.5 ml of sterilized phosphate buffer solution (0.01 M PBS, pH 7.4) using a glass tissue grinder and filtered twice through two layers of cheesecloth to remove debris (Poinar & Thomas 1978) . After preparing the homogenate for bacterial isolation, suspensions were diluted to 1×10
−5 (Case & Johnson 1992 ) and 0.1 ml were spread on nutrient agar (Thiery & Frachon 1997) . Plates were incubated at 30
• C for 2-3 days. Isolates were determined based on color and morphology of the colonies. Individual colonies were isolated, sub-cultured twice to ensure purity and then stored in 15% sterilized glycerol at -80
• C for further studies. Pure cultures of bacterial colonies were identified by their morphology, spore formation, physiological, biochemical and molecular characteristics. All isolates identified in this study were deposited at Microbiology Laboratory, Department of Biology at Karadeniz Technical University, Trabzon, Turkey.
Bacteria identification
The procedure of isolated bacteria identification was performed according to "Bergey's Manual of Systematic Bacteriology 1 and 2" (Krieg & Holt 1984; Sneath et al. 1986) , and Manual of Techniques in Insect Pathology (Thiery & Frachon 1997) . Morphology, color and shape of bacterial colonies were observed on nutrient agar medium by direct and stereomicroscopic examination of single colonies. Gram staining of isolates was performed according to the procedure described by Claus (1992) . Optimum pH was determined, after 16 h incubation at 30
• C by measuring the densities using a spectrophotometer (Spectramax M2) at OD600 (Ben-Dov et al. 1995) . Biochemical panel test system API 20E (bioMerieux, France) was handled according to the manufacturer's instructions. Then the panels were incubated for 18-24 h at 30
• C. The results of the tests were performed by referring to the API 20E reading table.
16S rRNA gene sequence analysis Genomic DNA from all samples was extracted using standard phenol/chloroform procedures (Sambrook et al. 1989) . PCR amplification of 16S rRNA genes of bacterial isolates was performed with the following universal primers (William et al. 1991) ; UNI 16S-L: 5 -ATTCTAGAGTTTGATCATGGCTCA-3 as forward and UNI 16S-R: 5 -ATGGTACCGTGTGTGACGGGCGGTG TGTA-3 as reverse. PCR conditions were adjusted according to William et al. (1991) . Reactions were routinely carried out in 25 µl; 1 µl of template DNA was mixed with reaction buffer, 150 µM (each) with deoxynucleoside triphosphate, 0.5 µM (each) with primer and 0.5 U with Taq DNA polymerase. Amplification was performed with 30 cycle program (each cycle consisting of denaturation at 94
• C for 60 s, annealing at 50
• C for 60 s and extension at 72
• C for 120 s), followed by a final extension step at 72
• C for 5 min, by using thermal cycler (Hybaid). Each experiment was associated with negative (without DNA template) controls. PCR products were analyzed on a 1.2% agarose gel. Amplified 16S rRNA gene fragments were cloned into pGEM-T Easy cloning vector (Promega). Ligation mixture was transformed into E. coli JM 101 strain. After amplification, plasmid DNA samples of each isolate were checked by restriction enzymes. Sequence analysis of the cloned 16S rRNA products was performed using SP6 and T7 universal primers by Macrogen (The Netherlands). Obtained sequences were used to perform BLAST searches (Altschul et al. 1990 ) using the NCBI GenBank database. Comparison of approximately 1.400 bp fragments of 16S rRNA gene sequences of each isolate with other 16S rRNA sequences in the NCBI GenBank database (Altschul et al. 1997) were performed.
Sequence alignments were performed by means of the CLUSTAL W function (Thompson et al. 1994 ) of the MEGA 4 program (Tamura et al. 2007 ) using an IUB DNA. Alignment statistics as, e.g., the identification of phylogenetically informative sites were assessed in MEGA 4. Organism phylogenies were reconstructed with the Maximum Likelihood (ML) method as implemented in the PhyML software tool (Guindon & Gascuel 2003) using the Hasegawa-Kishino-Yano (HKY) model of nucleotide substitution (Hasegawa et al. 1985) . Tree topology confidence limits were explored in non-parametric bootstrap analyses over 1.000 pseudo-replicates. The tree was rooted using Vibrio cholerae as outgroup.
Pathogenicity of the bacterial isolates
The evaluation of bacterial isolates pathogenicity was performed on healthy adults collected from natural populations of S. squalidus, T. aequatus and B. betulae, because of cryptic lifestyle of larval instars; they were not used for bioassay. Isolates were incubated for 18 h at 30
• C in nutrient broth. After incubation, the density of cells was set at 1.89 at OD600 and 5 ml of culture was centrifuged at 3,000 rpm for 10 min (Ben-Dov et al. 1995) . The pellet was resuspended in 5 ml sterile PBS.
In bioassay test, apple leaves were used as diet for S. squalidus and T. aequatus adults and pear leaves for B. betulae. Leaves of approximately the same size were treated with prepared bacterial suspension, dried at 20
• C and placed into individual glass containers (80 mm in diameter). Sterile PBS (phosphate buffered saline) was used as control. At least 10 insects and 2-5 treated leaves were used per repetition. Three repetitions were made for each strain. Insect mortality was recorded after 5 days of incubation at 21
• C and photoperiod of 24 h and all dead insects were removed from containers. Mortality data were corrected according to Abbott's formula (Abbott 1925) . Differences in mortality among insects fed with treated leaves and control group were statistically analyzed. The data were subjected to ANOVA and subsequently to Tukey's test. All tests were performed with SPSS 16.0 statistical software.
Results
Altogether, from S. squalidus, T. aequatus and B. betulae, thirteen bacteria were isolated and identified. Based on colony color and morphology five bacterial isolates have been distinguished for T. aequatus (Ta1, Ta2, Ta3, Ta4 and Ta5), four isolates for B. betulae (Bb1, Bb2, Bb3 and Bb4) and four isolates for S. squalidus (Ss1, Ss2, Ss3 and Ss4). Four of these bacteria (Bb1, Bb2, Bb3 and Bb4) were isolated from live larvae and the others were obtained from death imago cadaver. Two isolates (Ta5 and Ss1) were Gram positive and the others were Gram negative. Concerning shape and colony color, two isolates Bb3 and Ss3 were yellow-colored and the rest were cream-colored; while the shape of Ss1 colonies was filamentous and irregular the others were smooth and round. Also, of the bacteria specimens ten were turbid and motile, while other three (Ta1, Ta3 and Ta4) were motionless; twelve isolates were bacillus, except Ta5 which was a coccus. One spore-forming bacterium (Ss1) and twelve non-sporeforming bacteria were determined. The phenotypic features were compared with Bergey's Manual of Systematic Bacteriology, volumes 1 and 2 (Krieg & Holt 1984; Sneath et al. 1986 ). The ability of bacteria to grow on nutrient broth at different pH levels was tested and following results were obtained: isolates Ta1 and Ta4 showed maximal growth at pH 6; Ta5 at pH 7; Bb1, Bb2, Bb3, Bb4, Ta2, Ta3 and Ss1 at pH 8; Ss2, Ss3 and Ss4 at pH 9 (Table 2) . Thus, investigated beetle species hosted two bacterial specimens affiliated to members of Firmicutes (Ta5 and Ss1) and eleven to Proteobacteria.
The isolates were further characterized according to biochemical (Table 3 ) and molecular peculiarities (Fig. 1) . Upon evaluation of these data, isolates were identified at the genus or species level.
All isolates are able to produce arginine dihydrolase and acetoin (Voges Proskaeur reaction) and showed ONPG (2-nitrophenyl-βD-galactop yranoside) negative results for H 2 S, tryptophan deaminase and indole production. On the other hand urease production and inability to produce β-galactosidase were observed by only isolates Ss1, Ss2 and Ss4; D-glucose wasn't metabolised by Ss1. Fermentation of L-rhamnose, Dmelibiose and L-arabinose were negative for Ta5 and Ss1 isolates. Negative inositol fermentation was determined only in Bb4 and Ta2. Phylogenetic tree was reconstructed using 16S rRNA gene partial sequences available in GenBank. Ten isolates were identified at the species level while three isolates (Bb1, Bb2 and Bb4) were identified at the genus level. Thus, among all isolated bacterial specimens, Bb3 and Ss3 share 100% 16S rRNA gene sequence homology with Pantoea agglomerans Eh239 biocontrol strain. In the same time Ss3 clustered separately with Pantoea agglomerans ACW 55802, an environmental strain (Rezzonico et al. 2009 ). Isolates Ta1, Ta3 and Ta4 showed 98% homology to Klebsiella pneumoniae, Ta2 had 99% similarity with Erwinia billinigiae and Ta5 had 97% similarity with Staphylococcus haemolyticus. Ss1 share 100% 16S rRNA gene sequence homology to Bacillus cereus. Isolates Ss2 and Ss4 belong to Pseudomonas fluorescens group. Ss2 showed 97% similarity with Pseudomonas fluorescens and Ss4 showed 97% similarity with Pseudomonas moraviensis. Isolates Bb1, Bb2 and Bb4 were determined at the genus level. It shares 97% 16S rRNA gene sequence homology with Erwinia amylovora, but in phylogeny reconstruction clustered within Erwinia spp. with 72% bootstrap value (Table 4, Fig. 1 ).
Isolates were used for estimation of pathogenicity against S. squalidus, T. aequatus and B. betulae adults. All isolates caused mortality values greater than in the control group, except for Ta2, Bb1, Bb2 and Bb4 (F = 16.87; df = 1, 76; P < 0.05). The highest mortality was obtained using Bacillus cereus (Ss1) with 93% against S. squalidus, 90% against B. betulae and 83% against T. aequatus within 5 days after treatment. Mortality caused by Pseudomonas fluorescens (Ss2) was 73% on S. squalidus and 60% on T. aequatus and B. betulae. In case of Pseudomonas moraviensis (Ss4) mortality was 46%, 40% and 30% on S. squalidus, B. betulae and T. aequatus adults, respectively. The other mortalities ranged from 13% to 23% within 5 days after inoculation (Fig. 2) .
Discussion
This is the first study on bacterial flora of the weevil species S. squalidus, T. aequatus and B. betulae, key pests of fruit crops in the Republic of Moldova. Based on physiological, biochemical and molecular studies the bacterial flora of B. betulae consisted of Pantoea agglomerans (Bb3) and Erwinia spp. (Bb1, Bb2 and Bb4). The bacterial community of S. squalidus was represented by Bacillus cereus (Ss1), Pseudomonas fluorescens (Ss2), Pantoea agglomerans (Ss3), and Pseudomonas moraviensis (Ss4), while bacterial specimens isolated from T. aequatus were identified as Klebsiella pneumoniae (Ta1, Ta3 and Ta4), Erwinia billinigiae (Ta2) and Staphylococcus haemolyticus (Ta5).
Metabolic properties of isolates Bb3 and Ss3 such as production of β-galactosidase, acetoin (using sodium pyruvate), fermentation of D-glucose, D-mannitol, Lrhamnose, D-saccharose, amygdaline, L-arabinose and no production of H 2 S, tryptophan deaminase, indole and urease are characteristic to Pantoea agglomerans (Beji et al. 1988; Asis & Adachi 2004; Medrano & Bell 2007; Deletoile et al. 2009 ). Also, similarity is confirmed by arginine dehydrolase production (Asis & Adachi 2004) , D-melibiose fermentation (Deletoile et al. 2009) and lack of tryptophan deaminase and indole production (Beji et al. 1988; Medrano & Bell 2007; Deletoile et al. 2009 ). Isolate Ss3 is able to use trisodium citrate, D-sorbitol and produces gelatinase (Beji et al. 1988; Asis & Adachi 2004) , while Bb3 showed negative results (Medrano & Bell 2007) . The ability to produce lysine decarboxylase and ornithine decarboxylase differ isolate Ss3 from Bb3 and other strains of Pantoea agglomerans (Beji et al. 1988; Asis & Adachi, 2004; Medrano & Bell 2007; Deletoile et al. 2009 ).
Isolates Ta1, Ta3 and Ta4, identified as Klebsiella pneumoniae, are able to produce β-galactosidase, H 2 S, use trisodium citrate, metabolize D-glucose, Dmannitol, D-sorbitol, L-rhamnose, D-saccharose, Dmelibiose, amygdaline, L-arabinose and showed lack of ornithine-decarboxylase (Swanson & Collins 1980; Messaoudi 2009 ). All three isolates produce argininedihydrolase (Messaoudi 2009 ). Isolate Ta4 produce hidrolysis of gelatine (Messaoudi 2009 ), while Ta1 and Ta3 showed lack of gelatinase (Swanson & Collins 1980) . No urease and lysin decarboxylase production was observed for Ta1, Ta3 and Ta4.
Ta2 share the same biochemical proprieties with Erwinia billingiae, such as β-galactosidase production, inositol, D-sorbitol, L-rhamnose, D-melibiose, amygdaline fermentation (Geider et al. 2006) , argynine dihydrolase, lysine decarboxylase, ornithine decarboxylase, acetoin production; D-glucose, D-mannitol and Larabinose fermentation. Also, Ta2 showed no D-sucrose fermentation (Geider et al. 2006) and no H 2 S, urease, tryptophan deaminase, indole and gelatinase production. Comparatively to Erwinia billingiae Eb661 strain (Geider et al. 2006) , our isolate is able to use trisodium citrate.
Isolate Ta5 identified as Staphylococcus haemolyticus produces arginine dihydrolase, D-sucrose and showed no urease production, D-mannitol, L-arabinose fermentation as previously described by Götz et al. (2006) . Our strain is able to use trisodium citrate, produce acetoin using sodium pyruvate, lysine decarboxylase, Dglucose fermentation, and no H 2 S, urease, tryptophan deaminase, indole, gelatinase production and gelatine, inositol, D-sorbitol, L-rhamnose, D-melibiose, amygdaline fermentation. Opposite to the results of Götz et al. (2006) , Ta5 produces β-galactosidase and ornithine decarboxylase.
Ss1, like Bacillus cereus, produces arginine dihydrolase and gelatinase, is able to use trisodium citrate and shows negative results for β-galactosidase, H 2 S, tryptophan deaminase, indole production and Dmannitol, inositol, D-sorbitol, L-rhamnose, D-melibiose, L-arabinose and D-sucrose fermentation (Logan & Berkeley 1984; Te Giffel et al. 1997; Haque & Russell 2005) . Also, Ss1 produces urease, acetoin and amygdaline fermentation (Logan & Berkeley 1984; Te Giffel et al. 1997) . Our isolate produces lysine and ornithine decarboxylase and showed no D-glucose fermentation.
For isolate Ss2, following biochemical properties, similar to Pseudomonas fluorescens, were determined: arginine dihydrolase and gelatinase production; D-glucose and L-arabinose fermentation; no β-galactosidase and indole production (Hernandez Rodriguez et al. 2003; Franzetti & Scarpellini 2007) . Also, acetoin, lysine and ornithine decarboxylase production, sodium citrate, L-rhamnose, D-melibiose metabolization are characteristic for Ss2 strain. Lack of H 2 S, tryptophan deaminase production and inositol, D-sorbitol, D-sucrose and amygdaline fermentation were observed. Urease production and D-mannitol fermentation were not attested in previously described results (Hernandez Rodriguez et al. 2003; Franzetti & Scarpellini 2007) .
Isolate Ss4 identified as Pseudomonas moraviensis produces argynine dihydrolase, ornithine decarboxylase, L-arabinose fermentation. β-galactosidase, indole production and inositol, D-sorbitol, L-rhamnose, Dsucrose fermentation were not performed similar to Tvrzova et al. (2006) results. Our strain Ss4 is able to use trisodium citrate and produce acetoin, gelatinase and lysine decarboxylase. H 2 S, tryptophan deaminase production and amygdaline fermentation were negative. Opposite to Pseudomonas moraviensis strain previously described by Tvrzova et al. (2006) , our isolate metabolizes D-glucose and D-melibiose, produces urease and showed no D-mannitol fermentation.
Isolates Bb1, Bb2 and Bb4 identified at the genus level as Erwinia spp. have following metabolic characteristics: acetoin production, D-sucrose, L-arabinose fermentation and absence of indole production similar to other studies (Mergaert et al. 1984; Geider et al. 2006) . Bb1, Bb2 and Bb4 are not able to fermentate D-sorbitol analogous to previously described Erwinia spp. strains (Mergaert et al. 1984) . Two of these strains (Bb1 and Bb2) lack lysine decarboxylase, trisodium citrate use and inositol fermentation (Mergaert et al. 1984; Geider et al. 2006 ). Opposite the above mentioned studies our strains produce β-galactosidase, L-rhamnose, Dmelibiose and amygdaline fermentation. Moreover, our strains were positive to argynine dihydrolase, gelatinase, D-glucose and D-mannitol fermentation and negative to ornithine decarboxylase, H 2 S, urease and tryptophan deaminase productions.
Physiological and biochemical results were confirmed by phylogenetical analysis of isolated bacterial strains based on 16S rRNA gene sequences. Isolates Bb3 and Ss3 formed a cluster with Pantoea agglomerans Eh239 strain (Rezzonico et al. 2009) , showing 100% similarity. Differences in physiological and biochemical tests for these two strains highlighted in the phylogenetic tree, Ss3 grouped separately with Pantoea agglomerans strain ACW 55802 (Rezzonico et al. 2009 ).
Isolates Ta1, Ta3, Ta4 have 98 % similarity with Klebsiella pneumoniae, Ta2 has 99% similarity with Erwinia billingiae and Ss1 showed 100% similarity to Bacillus cereus.
According to phylogenetical analysis Ss2 has been identified as Pseudomonas fluorescens with 97% similarity and Ss4 as Pseudomonas moraviensis with 99% similarity. Both isolates Ss2 and Ss4 belong to Pseudomonas fluorescens group as it was confirmed by physiological and biochemical tests.
Biochemical differences and only 72% similarity in bootstrap test, allow us to say that Bb1, Bb2 and Bb4 isolates belong to the genus Erwinia.
The species Pseudomonas fluorescens, Pantoea agglomerans, Klebsiella pneumoniae, Bacillus cereus and Erwinia spp., identified in this study, have been previously described in bacterial flora of weevils and other beetle species (Yaman et al. 1999; Sezen & Demirbag 1999; Hildebrand et al. 2000; Kati et al. 2010a, b; Sezen et al. 2004 Sezen et al. , 2005 Selvakumar et al. 2007; Bahar & Demirbag 2007; Danismazoglu et al. 2012) . However, it is the first record indicating the isolation of Staphylococcus haemolyticus, Erwinia billingiae and Pseudomonas moraviensis from any beetle species.
Bacillus cereus is a common soil organism which has been found to be a pathogen for insects and this species has been isolated from several coleopterous species (Sezen et al. 2005; Selvakumar et al. 2007 ). Bacillus cereus strain isolated from Amphimallon solstitiale (Sezen et al. 2005 ) tested on larvae showed 90% insecticidal activity. In our study Bacillus cereus showed a significant value of 93.33% insecticidal activity on S. squalidus and 90% against B. betulae, indicating that strain Ss1 has potential and should be further investigated as a possible biological agent against pest weevils.
Pseudomonas fluorescens as well as Bacillus cereus have been isolated from several weevil species (Yaman et al. 1999; Sezen & Demirbag 1999; Kati et al. 2010a, b; Sezen et al. 2004; Danismazoglu et al. 2012) . Sezen et al. (2004) isolated P. fluorescens from Agelastica alni L., 1758 and obtained 70% insecticidal activity on larvae. Also, P. fluorescens strain A506 has been used as a fire blight biocontrol agent, as well as Pantoea agglomerans strains for precolonization of flowers against fire blight (Johnson & Stockwell 2000) . In the present study the highest insecticidal effect of P. fluorescens strain Ss2 was 73.33% against its host S. squalidus, and 60% on other two beetle species. Our research as well as previous investigations suggests that P. fluorescens seems to be pathogenic for insects, but its virulence varies for different insect species. Bioassay tests with Pseudomonas moraviensis Ss4 strain has not exceeded the value of 50%, the highest pothogenicity effect of 46.67% was attested for S. squalidus.
In conclusion, for the first time the culturable bacterial flora of pest species S. squalidus, T. aequatus and B. betulae were isolated and characterized using a combination of known physiological, biochemical and molecular methods. We also tested the insecticidal activity of the bacterial isolates against adults of all three species. Our studies revealed S. squalidus as a new host for recently described bacteria P. moraviensis. Based on virulence tests, isolated strains Ss1 and Ss2 might be good candidates for further investigation as possible microbial control agents. However, additional investigations are needed to determine the efficiency of the bacteria in the field, the suitability for mass production, and the stability of bacteria under various conditions. Also, general environmental and ecological risk assessments, such as toxicity tests against beneficial insects, plants and mammals should also be conducted.
